Since many of the properties of chemicals in solution can be stated ir electrical terms, an understanding of the electrical forces operating in the chemical flux of a living system becomes important. Moreover, since it is dear that in neoplasms, chemistry of the living system plays a large role, a study of the electrical correlates of experimental neoplastic disease is important. To this end, an electrometric study of atypical growth has been undertaken, making use of the Burr-Lane-Nims technic. 4 In practice, the technic has been modified somewhat to include a 10 megohm grid-leak at the input. With input voltages of the order of one millivolt, this means a current drain from the system measured of approximately 1 010 ampere. Voltage gradients measured with this procedure have bee-n found to be reasonably steady and reproducible and to be correlated with fundamental changes in biologic activity.
In the first of a series of papers (Burr, Smith, and Strong5) it was reported that the electrical pattern in cancer-susceptible mice (A strain) was significantly different from that found in relatively cancer-resistant mice (CBA strain). Since these studies were carried on during the major part of the life span of these mice, a correlation between electrical pattern and the age of the mice was noted. In one set of determinations, that of the potential gradient across the chest, a characteristic change in the electrodynamic field of a mouse was determined incident to or slightly precedent to the development of cancer. Between the neoplastic area and a normal area a definite potential gradient appeared outside the normal range for that zone.
In the second paper (Burr, Strong, and tions of this experiment, it was found that in those mice which eventually developed sarcoma as a result of the injection of this chemical, there was a progressively decreasing voltage gradient of the long axis of the organism as measured between skin areas above the middle of the sternum and the symphysis pubis. This change was not noted in the normal controls. It was pointed out that variations in the electrical pattern of the organism incident to the onset of tumor should not be taken as a diagnostic sign. The electrical variations are very complex and the exact relationships between voltage gradients and the chemical concomitants of neoplastic growth are still almost entirely unknown. However, a correlation between electrical phenomena and growth has been clearly established (Burr and Hovland,2'3 and Burr and Hammett'), and it is not surprising, therefore, that electrical correlates of atypical growth have been observed.
The present investigation concerns itself with the measurement of potential gradients in mice which received bi-weekly applications to the skin of the right axillary region of a 0.5 per cent solution of benzpyrene in benzene. The plan of the experiment included observations on the electrical phenomena associated with (1) an inflammatory reaction on the skin as a result of painting it with benzene or with benzpyrene in benzene, (2) with the formation of papilloma, and (3) with the development of the neoplasm.
For the purposes of this experiment 40 mice of the CBA strain, approximately two months of age, were selected. Fifteen of these animals were painted bi-weekly in the right axilla with the benzpyrene in benzene solution. The 15 mice of a second group were painted with benzene alone. The remaining 10 were kept as controls under identical conditions of diet and care. Electrometric determinations were made every two weeks. One complete set of determinations was made on all animals prior to any treatment. This was done in order to be certain that none of the animals deviated markedly from the known pattern for the CBA strain as determined in the previous experiment. All mice were separated from food on the morning of the day the readings were made. The measurements were made between 1:30 and 3 P. M. on that same day. Without anesthesia, the animals were strapped on a piece of cork, dorsal side down, and four sets of determinations were made on each animal. These were: (a) sternum' to symphysis pubis, providing a longitudinal measurement; (b) from the left to the right axilla, for a cross chest measurement; (c) from the sternum to the left axilla; (d) from the sternum to the right axilla. The papillomatous changes at the site of painting were first noted at approximately the 18th week. With the appearance of the papilloma, the reading from the sternum to the right chest became a reading from the sternum to the Fig. 1 , which shows graphically the voltage gradient of the long axis of the organism between the sternum and the symphysis, it will be noted that while there was week-to-week variation of considerable magnitude in the potential difference there was no significant trend of the readings. In the second group, consisting of those animals in which the right axilla was painted with benzene, it will be noted that during the first 14 weeks the sternum was consistently positive to the symphysis by a considerable amount. Moreover, this same positivity was maintained, though at a lower level, during the remainder of the experiment. In the third group, consisting of those animals in which the right axilla was painted with benzpyrene dissolved in benzene, the first 14 weeks were characterized by a significant positivity of the sternum with respect to the symphysis. During in the normal group. In the group painted with benzene alone the first eight weeks of treatment showed that the left chest became markedly positive and the right chest markedly negative. During this period, observation of the skin showed clearly the presence of an inflammatory reaction. This was associated with the electrical negativity. During the next ten weeks the inflammation tended to subside and the voltage gradients returned toward normal and remained there until the end of the experiment. In the third group, the addition of benzpyrene to the painting solution showed again an eight-week period of inflammation with marked negativity of the painted skin. For the next two weeks the readings returned to normal, to be succeeded by another wave of negativity which reached its maximum in the stage of papilloma formation. Some two weeks later, with the appearance of malignancy, the negativity was reduced and eventually disappeared with the return of nearly normal potentials. The last three or four weeks of readings of the animals in the benzpyrene group were complicated by the necrosis of the neoplasm. Hence, the electrometric determinations reflect not only atypical growth but also inflammati,on and necrosis.
For purposes of record, Fig. 3 is induded to show an analysis of the voltage readings between the sternum and the right chest. It will be noted that the curves are very similar to those shown in the cross chest chart.
An analysis of these charts leads to the following conclusions: 1. There was no significant deviation in the trend of the mean determinations for the control animals in either the cross chest readings or the axial readings. During the entire experiment these values fluctuated about the zero point.
2. An increase in the voltage gradients across the chest was obtained in the mice painted with benzene and also in those painted with benzpyrene dissolved in benzene. This increase was concomitant with inflammatory reactions of the treated skin.
3. Following this preliminary increase, the right side of the chest became increasingly negative.
4. In those animals painted with benzpyrene, the negativity of the right chest continued through the papillomatous stage.
5. With the onset of malignancy the negativity of the right chest decreased and at the end of the experiment the right chest was slightly positive.
6. Inflammation, necrosis, and ulceration complicated the readings in the various tumors studied during the last three or four weeks of the experiment. The curves obtained from the axial readings and from the sternum to right chest readings show trends which are similar to the cross chest determinations, but the differences are not so pronounced.
Discussion
It is clear from the above summary that inflammatory reaction in the skin, caused by the application of benzene alone, is accompanied by a significant shift in the electrical pattern of the organism. It is no less clear that the introduction of a carcinogen into the painting solution adds to this picture a characteristic change in the pattern during the period of papilloma formation as well as in early carcinoma. The disturbance in the electrical pattern is clear and unequivocal, but the nature of the linkage between pathological changes and voltage gradients is entirely unknown. However, the data suggest that in addition to the local changes produced by the painting of the skin with a carcinogen some systemic or constitutional reaction, perhaps of a metabolic nature, is involved. It is now believed that certain widespread changes are in operation in the body following the introduction of a carcinogen. Such responses have been described, for example, in the blood-forming tissues, in the liver, and in the spleen, and they probably occur in other sites which have not yet been recognized. These systemic responses vary considerably with the species of animal used for experimental purposes.
The electrometric determinations here reported do not reflect alone the local changes due to the painting but rather present a summation of variations from the normal in the body as a whole. It is not possible, therefore, to correlate the electrical changes with any specific variable, but the fact that such changes occur implies the existence of electrical forces in the organism capable of exerting con-siderable influence on the transport of chemicals within the organism and on the movement of chemicals through cell walls. The effectiveness of these electrical forces cannot be determined until the chemistry of neoplasms is more sharply defined.
